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(r>\yA 77 vtmm,z7rs^fix\^h. t-tmi ^mmt 

Si. m±mMlz^<'y^ru~y8 5coi'^7'yh^^ 

A'7:?7*P-y8 5i:-*fc:S^$ix, Ta7;^3^^^':^' 

9 5*fA'vi?'ri/-y8 5^RA I Dayhtt-ymi 

iooizmm-i>ifmij^s^tix\^^&, ^<r)±. $,mts: 

8 5<!Dig5atrtgI5iDffi:fi-t#ftfC, ri/:^A (pie 

num) f-vyA'-l 1 5^<7)^^?^^ei#tl.::t*^' 
^*>§ . A'-y :?7>-y{m 2 3 0 S-Sltl. 4-9^7)^. 
X (05^=3: L) tcJ: OffiJt^^i. g«77^>y hO"!;^ 
•^a'<71 5 5t 160^S;^nS. It^A'.y^'T-l/ 

->'8 5<7)±{C77-A2 3 5*^*S)0. ;it{i7U-<0 
A7;j— vy;^.S:^-;?■f§^«;3:-^:yt;!,^/^,^7)it^^- 
-fyia^-feyi^2 4 0, 7ry-fe>~9-2 4 5^i:'J# 
'SMiZ^^ilh. Hi:. A'-yi?7V-yC0iESi{CS^$ 

l^cT) I DEA'xtA-7-cOM:&^. raa^Oh'^W 7't: 
eif&ti><. •€-^i*^^.H^^7'xi!';^Tyy3y6 0{iK 

CiiWiji^cOI DEa;t-:?:?tat<7)A°7-a:t>^'^' 



>y7'n:^^ ^fclS^^iil. h'7>f 7{i. H^^ 70 tt§ 

^{i 7 2 1 Jg^^iXl. , 
[OO3O]<JCt:08tia9m^Sfc, m-«0K7 
-fT"! 5ASrH7^7'77:}^vh5 0{C<±i6atf:^*< 
ct'9^<ai»T'^l.. I211i:|2I2tcMSLTtiBUcJ: 

Bbmz\iy^mm-V6 0i:^LX^j:l, H^-f 
7" 1 5 ttc J: 0 7'7^^ <y b 5 0 {lIROtt 
ii(:>ix. ^ -t^^-r/i'S 0 Afcit/A'-y^ru—ya^f 

^':?9 0t*tl^<?)Ampheno 1 A'y-^:^^^?:? 

6 oB^aitTT^^^.-y h^m^mzmm^tix\^i. 
[003 1 ] otmi i^mmtit. rai 

Daybo-^Si^l 0 03!p^^>^iI). rai Day h 

a-7ais 1 o om-comsr y h m^sffi-c. -e 

ii(i012*»/^J:'3^<ajj|$<i$. 01OAfc:^^$ti 
l.il{477 H-if- K ( o u t b o a r d ) MThhiK 

4>fiS. RAiDnybD-^JiRAiDxyj/y^a 
IDI52 6 0 ( rfl{i7 -f -/P h'7'P?'9 A-77';l'^*- h 
7!^^, ASIC. t^c{4ffiOjiS^rllgT'«)-5TiJ: 
V^) ^iltcj: '9ie^^#*.ff?iJtDMAc7)^Sg 

^jilftl., RAIDxy>''y2 6 0{4, dt-vi^a;'<^ 
U26 5 (01 1) . RAID3yhn-7<?)»f^^1f 
ai-|./ci6!7)RI SC CPU270. -eilfc^^L/i 
CPU;<^U275 (M^ttllll) . ^Xh^y;? 
7x-;iS:fiS-ri,7tftc7)SCS I7'n-fe7-t2 8 0 . 
(010) tmmh, LED180A-Bt«IL;ff^ 
yi8 5!t^\ imX'RAiT)ayYu~^t^~Yi.z^m 
^fihffyifi^t mil) . KcOEWc. ^ 

«tESD^ -7^285 m3t.zwMLx-mzmm^h 

imZTTs^tltRMD^yhu-^if. 

- K 1 0 0 nmmimmu. a-^ ^ru—y^-tc- 
H 1 0 0 ^zw^x't \<z-thfz^\z--mcr>uA^^ ^ 

2 7 5 ^-^tf, ^^/B.#^77*2 9 0 0 1 2 

y-t i:i«raialS&{,«*&§ilf#S. ^ 7dr2 8 5«0K^J>&> 
4>^T. #t01O>&>^>^^*^|,::t(4. 
>';^TAc7);^yrty;^$rfi='5a-t>\ y^y^i^yx 

^liz. mnm:m.LximL. jsmtLtRAiDa 

[0032] mzmi 2fcJ:t^l3^V^t016S:# 

t . jiS<7) SCSI nvy KC3'f-SP6<)tcJi-^-ri.m-;K 
U j.-A{c^;t.§*\ L*>Lrt«C{4^^{;RA I D 



(7) 



1-282636 



hn-7(4. B^^|lI^at34i603 2h'-yfDMAtC 

p u V 7> ^Ji7m^'i:0 immth <1 1 1 J; O . X 

SrTO-tl., DMA-r=5ri?*>^-vS^a^^U2 6 5 
{4, />:fcx.{flx36^^UtLT^fiK$^lit4^X?V'? 
^hX'h'O. 1 6 0 M B/#gS<^^J|gi|Bl:qt-t I. 

iJ^ii/if^ j^^kE D o AM r^-f y^«*&-r S . 

CPU;^^'J275{4. mrsmmmmX'ii l x 3 2f 
J^lt§il/i4^;{?VS--^ LTilifigStL. 80MB^ 

[0033] cpu270{4. titmAomnztm 

f^f^LSI LR3331 0-40 32t'-yhRI 
SCru^v^X'h^^ ffli^ii^^iRAI DyT^P-r^ 
y/i^::^rA^ieitt:.S FLASH ROM3 0 0tS 
iltl.. 7-^ri?f-v<0+'C^tcRAID^IsIK2 6 
0 1% 0 . ^ilti^r t UfA 1 t e r a 7 ^ H 7'0 
^^7V7;Py-hTl-^ (FPGA) t;t{4-ec0:fe»^ 
ttzltAS ICtlXm^^il. Ctl{4#DMA 1/ 

m^yi^-htl. FPGA2 6 0tcMSt§5Otf0± 
g!5:A*;^ttiJi:«Oli9T'&l. : 4 0MB/#<?)1 6t*7 h 

SCSI 7°n-fe -y -tA'X 305 (ffiSSg(I'>;U f 7 S C 

5 I i)f^Ofv:i6tfflfiK§itT V^|.*^fto S C S 1 7'a b 
a)Vi^:i^~VX'^^) ; 3. 3 3MB/#'(7)8b'-yh 

SCSI t'yrju r^^ i /oj^x 3 1 o • 1 6 

MB/pJ?CO 1 6 h'-y M D E h' ^ -< T'^'n';^ 3 15; 16 
0MB/^J^C7)3 6t'>y hT-f-^^^-\"yi/A;<^U {D 
CM) A'7>3 20 ; j3j:r/f8 0MB/#<032h'-yhC 
PUA'X3 2 5TS>I>. FPGA260«4. 5^<0J^X 

^xifim\^zmm'^ hiio s c s I TD 

-tr yHf A'X 3 0 5. 1 D 315, ItXDCMyU 
3 2 5 lei 0 RA I Dxyi/^- 2 6 O^iOr^'-lr;^ 
S'ftt-?.<7)t^^J-'3:jirt'»fm.RA I Dxyj;y2 

6 0Sr^L. i/iSS§ii;ttf^:7;K*iT'SCSira 
-fe7-t''-^X3 0 5i:IDE>'N'7.3 1 S^O^^lCVyrJ'-f 
A;^P>y h5:DCMAx3 2 0«0/ii6tC7-:^'^ A;^D 
•yh^SJOiT.&ifcfc.l:'?. I DEa'x3 1 5i:. D 

c MA'7. 3 2 0 . mmm:mm,zii\,yt: . i 

^f^^!';^^^^cT'100nsgg•C^>0. 40(7):5'^A;^ 
O7h{4#^2 5nsS:SiJ0^T^fl^. RAIDxy 

>''>'2 6 0<7)>'N°7:«— vy7.c7)fetc, zarf:f\/Xfi^ 
cOiEi*;^/l^r-/ h{4. ±t LTJjlT<04-7c7)g*(lfl!c 
fftl. : IDEH7-^7'CDA°7:r--7y;^. -#^:t'< 
I'— r -f >'/>'XrAf*l^7)RA I D^ilg^l■-^^'-'^•y 
a-ifc7);i^7.h7:J''r^'cO>'N"7*-v>X. a-f 



I., 

[0034] Ht0 1 2 ^#,^.1" t . i/;^TA<^iif^ 
{4IISWfc<^(OaOT'$)-g. :«»5Atl.i:. 77>yi/ 
aROM3 0 0*»/c>RI SCTn^-y1f2 7 0tM^t 
I) C P Up( ^ 'J 2 7 5 A., :t'<V—f y^j/J^r 
n- Ktl. ; 1 J; 0 , v^TA{±^^4m(;5:S , 

^J^hv-j^f A3 4 0*>^:i;>^hSCS UUSS 
OfSftKO. m*<a§T7V-ftf. i^i!3:rn.y^3 

SStCiO^eSni., 3(7)g^{i:-?-ii*^(^SCSI7- 
P-fe-y-9-2 80tJ;OJ!Hi$tL. SC S I 7*n-fe-y-9-2 
8 Q\m^tSi{%^-k R A I Dxyi^y 2 6 0^ I /OA' 

;^3 1 0±TiSf). ai'5rlll2fi#^j||»)ii§iil.. ^ 

ii*^<^C:(7)r-^'{4. *Xb>-7.T-AHj;i9SCS I 
DMAA'X 3 0 5±T'fl|ffl^tgt$^ll. . Cc7)B#j±CT, 
T'f7>^'^^ yi-jL^tU26 5{4St'S)4. ^(rmt. 

wm^mt'mttxtrvMi. cpu2 7 0(4ra 

I Dx>'i;y2 6 0iC, ;iOT-:5'^DCM2 6 5-^ig 
tidtf^^L. DCM2 6 5-C^^'yi/:i4'fcfil1^§ 
iX^. ^<^f^, A'.yi?j/^t:7yH3!aa«C, A':^3 2 

o±tra 1 0x^1/^2 6 0 ^m\zr—9^r 
^•fe;^tl.c:ttJ;0, (ffiffl^tiSRAiD str 

i P i ngfCll^oT. ) m^^iZrf ^ X9\zm%Xiy 
iX, IDEyN";^±-C% I S0T-<:^^'>''^y7r 360A 

^7.^1 5A-cic»#tii$ni>. *siiifsi&ti.c^j* 

W^i/7.TAfct5\,^T{4. A'X3 2 0*n 0*O7Kb 
7,^t3 6*(0r-^i8^-^tfC0*-'JiiX'S>^. IrI® 
fc, A';^3 2 5I4. 3 2*<^7Kl^;^iSt3 2*<^,T- 

^m&-M\^X\'^h . z.(rmmi. RAi Dxyi^yA^f, 
SCS I7°n-t>y-t2 8 0/\^§il. •^-ixi^^j^xh 

3 4o^«j&$iii,iiigm^T^7-ri.. ^^>^<oa'<? 

<0^IS<7)^^ 11 3^V^L01 efcitXIl 

7(zPiItT-Jai¥lffltgJB«t'&. iai3(:i5«-^T. D 
P I tDPOfim-eiX '"A:)3T-:5'^^:^J t ""a};!!-? 

-^nx^ -km, 

[0035] mmW(^\IZ^\^X\i. i<0^!raJ4||« 

SCSl^y:$'7x-7^7^'x-<7'{cL. -MWai 

/t^l5i^# SriM "9 1^^^ L , Z.ii\m\^x P I 
0A'A3 1 QkX^%f-9<mm^h, ^iit-^tyz 
<7)g*(i:RAIDxyi/y2 6 0t=J:'9^ai$ii. RA 
lDxy>''y2 6 0{4ffi^K7-f7'15^«-t. 
T-:5'(4<rn^>c?)h'7-^ 7'-h^hRA I Dx:xi;y2 6 0 

i?=3f^-yi^A^t«J2 6 5A.if$fi5. l^W^fcC 
PU2 7 0{4, ;(?)f-:^'7!)^A'7 3 2 0^^LTDCM 
2 6 5*>A>gS^?/^tlJ§ilT. x>-i;y2 6 0S:3ib-CES 
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E I ro-fe >y9-2 8 O^T-:?A*;^ 3 0 5±XlM^hh 

C 0 0 3 6 ] RA I Dxyi/'y^^cTjf-r^tailfigO 
mSimm^^m24 Otyr yx7-1^tii^2 4 5 
ML-fl, '^m/BHi' P y ^' 2 9 0 i, ttz^-:}' S 

3 8 0-C*-:?$il^. Z<^'ffiyXTM,<r>^mitt: 
d u a r t 3 8 5±X'hm^ill . Hlfi^^fSIIJiS 
nt^'^cmiiCOtiMZRS 2 3 2 U 3 9 Oitji 

100 37] »:l3ai3^:V^t0i 6iJj:?Xlli7&# 
Bll-S t RA I Dx^i^y 2 6 0<0«I#OPfi9l*<-Ji^ 

<5i|f •?-£7)4iWiRA I Dxyi^ytcj; 

iB<^0t|B|8Jfc:, iai2*>^>NtgPB'yi|n|l:#,^#-^^ 

[ 0 0 3 8 ] But ISiat. h i^XrAiOim^m 
t . RA I D^f yS/XrA 1 0*-'M'ft^m\ 
7 9 -y 3 0 0 |^t*fl^$ixl> V 7 h "^XTil 

J:>)iS€§iiSt#fcRISC CPU270{cj:0- 
jS<7)-<:t^-yijy^-7Ti?^-*^'^$iiS. 
-f^— 7'yyi/7r^':J'Hi:. I DE H^>f 7'^a^>fi 
i^cW^L. S^rSCS irn-fc:-/-9-2805:7:J'T'f 
rT>f ^f-T'/P^ti^^KJSfc h j/^rix 3 4 0 

^afi]-t I. , h i^Xy-Aii SCSI Tn-lr ■ytA^^s 
yUyi^7T^^~ii. RAIDxyi;y2 6 0£SflA, 

[0039] «b<^t . h j/;^r AfiMt |SHi 

tH^-^T"! 5A-Ct«^3=tf^§T-:5'^jill,. ; 
^Otf^g(4'^•y;/'^PgtT-^^-&^f^0. ^^';^3 5 0 
±X'SCSira^y^2 8 0^^^^tLh, SCSI 
7'O-fe.y1^2 80t'il0:Ucf^{C. ClcO'^'y^fil^fi^ 
1 StcKHTStitRA I Dxyx>2 6 0-^. 8h'>y 
h7-p/7-77'yH/0^U3 1 Ot'tt^&$^^l.. ^(7) 
'^■yr^'tflgtiRAI Dxyi;y2 6 0^SCS I Pi 
O4 0.0S:3lLT)ll^>ill.*^ SCSI PI 04 0 0 
{iA:^^-'-^? 4 0 5 fc ajrJjT-rJ'A-;^ 4 1 0 S-flT 
!>. A^)T-:5'>'N">^4 0 5{i:v;l/-f-7°l^i?-tmu x4 1 
5<7)milt^^t, V/kf-ri/^^fmu x4 1 5(4llJg 
I /Oa^y ^•#*>^f?lJr^-b >yt 3 9 O^AM 



0 14 7 A'^-XiO;^ U r ^ rn-fe -y ^f fl) T . 

A-7 V- K<7)av>' ^t7 H Fis it/i^d 
TK^;^3-7>KS:. 1 6t'«y bA-j^^g^LTl^i^X 
^3 9 5^«*^-ri.. Vi^'J^^'3 9 5{4t:tRISC7' 
n-t-y^27 Oi^^TYUX^^imi : 7'n-fe>y->f2 
7 0{4i!t. muxyN''y7r3 9 9^atr-^i^>^l|. 
A;^32 5«10t'7h/7yf>397$rMiUT. D 
CM2 6 5'\7Fl^:^S:ffi«g^-6. Pi;;^^3 9 5<oa} 
:fj{4. ^NM7*9^i'UvX:^'4 0 ltA'.y7r4 0 3^ 
ItT. DCM2 6 5^^a-ft;i Ot'-y hA'X ( 1;^;5? 

^tmi, i^i^xi'sgsmm. mmi,z. rai 

Dxyi;:/2 6 0(cMjit"6fl!J<?)iim$'^-raj*f-^' 

^"^xm^^th*^. ZtHZiimu x4 1 5^<7)Sg2WA 

[0040] SCS l7°n-fe-yt2803{i^A><7)T-^*i 
m-^iit^vmmi:mTLX. SCSira^ryff- 
280A»/i>SCSI P I O4 0 0^N';?.3 1 0±SrR 
A I Dxyi;y2 6 0A.l 6t'«y hDMAyN'X3 0 5g 
*T'tt*&$ill>, !|ttCT-:$'(44 OMHz-Cf^ti. 1 
6t*«y h7-3 2t''y h7r4'/U4 2 0'\4-t^>fll) 
*\ ClilfiRA I Dxyi^y 2 6 0*^3 2 h'-y MlTF^ 
t'$) I. . T- ^' (4 7 T :t->;Pm u X 4 

2 5 . h I /ommm u 

X 4 3 0 <^>V{ll^ft*#§it-& . #*>ff?ijm u X 4 3 0 (0 

tli:^3{47L— A^-;^ i/O^hWU 3 5a.§^i§ 

7l'-A<-XI/O#*>tfM4 3 5{44 0MHz 
Tf^L2 5 6.x3 2-C'^fi^$iXT. 16 0MB/#O 

r "/ h ^fitj^t^ , i /on*>m4 3 5^<^fli! 

<7)A:'J{4. a-ffCOI DE7'Uy^'4 4 0, SCSI--^^ 
y:5'44 5. DCM--K^y:5'4 5 0^|ft5. T-^«4 
I /0#*>^7?iJ 4 3 5 cotB^i^^gB;? n >y Sii/tH 1 
A-^r^'T yta-nui^x^A 5 s^m^fi. W»^> 

DCMmux4 6 0<;0friffl'VftJ^§itl,, muxi7)|fj^] 
{4^2 AM 7*7^ y\&:h\y'JX^A 6 S'V^S&Sfl. a' 
•y7r4 7 0^giLT, -eiTj&>f>RA I Dx:/i;y2 
6 0*»f>DCM2 6 5A:ft«&$tL«.. 

[0 04 1 ] T'fX^' 1 5 k-camw.^j:—^\ztt%U, 

tS(n\<zm^\>Zts:htX\ T-:^'{4DCM2 6 5{CiS'^$ 

»#3itfT -f {4ilMW(C3ltOT;i^3'u XAt 
fi^oT. RAID3j-'<U-T^y/vXrA{Cj;9^g 
-ecOB^C:. I/O3vyhmfir^J3 9 0*5, 

T-^{4DCM2 6 5fcJ;'9A'77T4 7 5^ttJ# 
$il. ^flp-^h^M ry^ yX:t] V ^-'XrS' 4 8 O /^ftj^ 
r-^{4-E-it*^<5>m2A:^^i/'X:}'4 85t^^ 
fcv ro-fe -y^f A^bm u X 4 9 0 iOfril^^M^il^ . 
¥y^y^m^Q.ttfzMZ^ f—5'ti^\y'JX^4S5^ 
jitTmux430 (^m<r)W^^-t ^>ix, -efl*>^> I / 
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[004 2] l/on-lb'm4 3 5i}-i^cr)r~msC 
SI I /Oy^^-)V4 2 O^ftl^^il, tf.iT^X I 
/O7r^v^5 0 0^t«I^Si^>&, r-f^^i? 1/07 
Ziyi's 0 0{4tB:^T-^^, T-f:^^^^^^ 5fc 
coa<lc7)^.:J^)t'. 3 2 h'-y b r-mt-(^ 1 6 b*-y hr 

■CO-?-«ft!li?)ii;{4. Si 2tc5^SfCiSBJt)tai9-C 

[0043] *Xh>-;^Ti>.340{C<J;'9RAID-t7' 
i^XTAtg^$ix^ 1 0 -oc7)|iiSM^ij#{iR A I 

;^Xb£/XrA3 4 0*»/oigj&$ii. i.rT't*Xh<0 
SMPIOA'XBIO. SCSI PIO400^:fr 
LtRAIDXyi;y2 6 0Mftl&t. -?-itA^A>mux 
4 1 5Sr)itTI/oavyK7''a-fe-yif3 9 0'\«A 
^lT-:?A*;i4 0 5^ttl&t-|.. I/03v:/Hrn-fe 
•y!?-3 9 0{4. W?>SS=5:RAC/CAC7Hl'^ 
^W~>*;?.:5'3 9 5g*f«t*&L. i^ifcii Ot-^*5«I 

[0044] t^:^h'^y^TMzx'o^m^tiif-^<D 

)ii!5:rKP;^!!)J, DCM2 6 5A.^$fiS, itr 

-^*>'DCM2 6 5|*ItiSjf§iltlJi\ -eil{iVi>'X:5' 

4 8 0 tl5]4 8 5 ^gB^UTmu x4 3 OMlfcJ^^fL. 
-e^l*^'^* l/Om-hWU 3 5^^*&$il§, I/0# 
^4tJiJ4 3 5*»/aC:OT-:J'**SCSI I/07t^ 
]VA 2 0/\ttif&§^i, ^^T't[i:'3T-^*n 6t'-y 
^^^fLl.. f^lA^^>T-:?{iDMA3 0 5±^SC 

5 I7-p-fe-y-9-2 8 0^fifc$^§iX. filfWC*;^ h 3 4 

[0045] L*»L'5r*%*x htJ: OS^$^t/iT- 

0. 4 8 5i>itJfmux4 3 0^giLT. I/0#*> 
ff^j4 3 5^ttJ&§it^, -eit*^'?* I/0C7)#*>^T^|J4 

3 5ioai:']*^\ T'f;?.^' i/O7r^>;i-5 0 0^«Si&§ 
iiTH^^T'lSA-C'^air'ji^iiS. ^fi-b^hr-'^ 

i4. !£Jg^:#W5<7)f^tb'7-<7'j?)^^>gS^§^l. 

500l*It'l 6t'y MS3!)>^>3 2t'«yh|g>\^^§il 
h> 7r*;l'5 0 0<?)T-':?cOttJ:^]{4fiX*»^>mux4 

2 5cos2c7)(iijA,fti^§ix^ ^^ts^t, I /onmm 

3 5A.^2c7)mu x4 3 0 SratT«*&$itl.. 
[0046] ^tli}^i>l/OWhm\4 3 5cO{l}:b{4. 

I /O 7 r ^./M 2 0 S-a tT^i}^lT-:^'t:oV^Ti|a 

u^^7-77';t.^'-NT^^ (FPGA) t»'::J<-^yr 
Oy<yT-i^3y<^^MZ, FPGA;l/-hROM4 9 



ROMti^jefgX'^S . |ll«t;:RA I D O Sjip'G PU 
^tU 2 7 5Av^JjAtlitTn-H$n. ±X<7)V 
7 h '^xTSiIWiiJC P U^^vmzm^iit:^^^ 

[0047] ^c7)5|B3cOilf^c7)fiS^#l:(4. j^-cOR 

AiDxyi;y26 0*<scrrn-fe-y-!f. r^x^^ 
7-n-fe •y'9-2 7 0 fc a#tl><^fc:'i®3:#SD MA^-h 

'iTm'mx'^h:itTht, ;<7)gw{4T-^^RA 

I Dxyi>>2 6 OA.^fcJStl.^-A'x^l^ra^S'fb-f 
-&C:fc{ij:OSfi!t$*i.&. .Iti.{i:4 0MB/?i.i:UiT14 

1 6 0 M B/#c7)^^e<):5r^-eii#tSfe(;:'s[rigT-|) 
O^TS;t*Jf#, *fcf<7)S«;^(^B#|II^DMA7 

H u 7 ^tfij "9 ari, t *>T'^ I. , 0 1 7 (cs^-r 
m^j:mw\mitt:umi<D^zm^j:m<t7 v.u -y 

[ 0 0 4 8 ] I /0#*>ff ?|J 4 3 5 1 X ^ «J 7- b r 
a-fe.y-t?-£7)4 0MHz:?P7^*^'6 0 0T'S^$ix. -:^r 

RA I D^cor^'-fex-fi.Jti'jc^sc s iwsti^e 0 5 
cMfflffl{i6i 5T^§n4, mnmmmz}i\,^x . 
o!^i3i-&(4. D cMi,zxmmcofzMzmmi)m 

||JD^T4>^^S{4fflAiDCM^SS'J0S•C§^Il.. Zo 
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15 
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20 

SPECIFICATION 
FIELD OF THE INVENTION 

25 The nvention relates to disk drives, and more psrticuiarly to RAID array 
subsystems and contraHers. 

BACKGROUND OF THE INVENTION 
Harddlc:k fitorar^e h^as henome ubiquitous for virtually every personal compuler 
30 and server, as well as many other related types of systems. In many instances, such 

storage lepresents the only repository fo' rnissbn-ciilical infoHnalioii for at east the 
time between backups. As a result these storage devices must be highly reliable 
and maintain extremely high data integrity. 

Many types of storage subsystertis have bean developed to ensure against 
35 data cornjption, including Ttin-ored drives, failcver systems, and multiply redundant 
drive sjbsystems. A form of multiply redundant subsystem whch has become 
particularly well-regarded for its high rsfiability is the "redundant array of ine:<pensive 
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drives. " or RAID subsystem. . 

RAID subsystems typically have been implemented in servers and other 
computer systems. In general. RAID subsystems include two or more disk drives 
(typically of the san>e capacity, and frequently of the same type) and, in at least some 
5 forms of RAID implementations, are configured such that each drh/e serves as the 
primary storage device for a first portion of the data stored on the subsystem and 
serves as the backup storage device for a second portion of the data. Various 
backup schemes for RAID systems have been developed, including RAID 0. RAfD 
1, and RAID 5. In RAID 0, no data redundancy is provided, and the capacity of the 

10 RAID an-ay is simply the sum of the capacities of the individual drives. In RAID 1 , 
each drive is backed up by an associated drive much like mirrored drives. RAID 1 
is implemenled in most instances with even numbers of drives. RAID 5, on the other 
hand, can be implemented by a varying number of drives, typically beginning at a 
minimum of three (two drives would simply degrade to RAID1 .) For a five-disk RAID 

15 5 subsystem, each drive serves as primary storage for 80% of its capacity, and 
secondary storage for 20% of its capacity. As a result, the storage capacity of such 
an array is 80% of the sum of the capacities of the drives. 

In general, prior art RAID subsystems have been external to the server. This 
has imposed space and reliability issues, among other things. Conventional sizes 

20 of PC cases typically offer only a very limited number of bays for disk storage, and 
conventional RAID arrays are simply too large to fit the available space. This 
imposes the requirement for extra floor space in what is typically already a crowded 
area, but also imposes the requirement for an external cable to connect the server 
or other PC to the RAID device. One of the rnore comrfion causes of failures for 

25 external devices is cable failure, often due'to human eror in bumping or inadvertently 
disconnecting the cable. 

In some instances, for example some models of the HP NetServer line, 
oversized cases have been provided which provide extra bays for storage devices. 
For example, the NetServer LM product includes a double-wide case with a RAID 

30 controller inserted into an expansion slot of the server and a stack of eight bays for 
drives conforming to the 3.5" form factor. However, this solution obviously requires 
buying a speciffc vendors specific model of server and thus limits the user's options. 
Moreover, the RAID controller occupies an expansim slot which might othenft^ise be 
available for other devices. These constraints of the prior art have left those wishing 

35 to include RAID subsystems in their existing servers with very limited options. 

The assignee of the present invention has previously attempted to resolve 
some aspects of the dilemma presented to end-users attempting to include RAID 
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subsystems in their existing servers. For example. Aiwa/Core's MicroArray is a RAID 
subsystem configured to fit within the 5.25" full height form factor. This permits the 
subsystem to be installed within most existing cases and therefore avotds the 
footprint and external connection issues of other prior art. The MicroArray product 
5 pemiits a plurality of IDE disk drives (up to five) confomiing to the 2,5** form factor to 
be inserted into the subsystem. The MicoArray product includes within its 5.25" iom 
factor the RAID controller and related electronics necessary to interface the IDE 
drives to the RAID controiler and to provide an exta^nal SCSI interface to the host 
system. 

10 While the MicroArray product offered many advantages over existing prior art, 

it did have some drawbacks. One significant drawback was that It required the use 
of expensive 2.5" disk drives, which typically offer far less capacity and less reliability 
than drives confomiing to the 3,5" form factor while at the same time costing 
significantly more. Because of these limitations. 2.5" drives have typically found a 

15 market only in laptop applications, while most desktop applications have used 3.5" 
drives. 

In addition, the RAID controller of the MicroArray product offered limited 
throughput compared to that available in other devices today and comprised a 
complicated — and therefore expensive — design. The controller implemented 

20 substantially conventional wisdom and offered independent I/O channels for each of 
the drives in the array. This imposed significant space requirements which prevented 
the use of any drive larger than those compli^ng with the 2.5" form factor. 

As a result there has been a need for a RAID subsystem which is capable of 
fitting with a 5.25" full height bay of a conventional server case, while at the same 

25 time offering an integrated controller within that space and the use of tow-cost, high 
capacity 3.5" drives. 

SUMMARY OF tHE INVENTION 

30 The present invention describes a RAID subsystem which substantially 
improves upon the prior art in offering substantially improved capacities, improved 
throughput, higher reliability, and lower cost while stili fitting within a single 5.25" full 
height bay. The RAID subsystem of the present invention includes the use of a 
plurality of 3.5" disk drives using the EIDE interface, while at the same time offering 

35 the Ultra-SGSI interface to the host system with its desirable high-speed data transfer 
rate. 

To achieve the foregoing, careful management of the mechanical and 
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electrical interfaces has been required ~ both between the individual drives in the 
array and the controller, and between the subsystem and the host to fit the desired 
capabilities within a tightly limited space. In additional, careful thermal management 
has been required because of the very limited availability of space for airflow within 
5 the subsystem. Finally, the foregoing requirements substantially prohibit the use of 
conventional controller designs, such that a highly Integrated RAID controller has 
been developed as part of the present invention. The controller of the present 
invention has the additional feature of offering substantial benefits in areas outside 
the mechanical design of the present RAID subsystem. 

10 In addition to the mechanical, electrical and thermal problems described 

above, the present invention is intended to permit ease of maintenance by the end 
user, which imposes the additional requirement of permitting the end user to have 
easy access to the drives integrated into the subsystem. This has been achieved by 
pemirtting the end-user to remove the front panel of the subsystem, which allows the 

1 5 end-user to remove one or more of the drives in the manner described in U.S. Patent 
Application S.N. 087931,766, filed on 9/16/97 and entitled Disk Drive Latch, assigned 
to the assignee of the present invention and incorporated herein by reference. At the 
same lime, the end-user's desire for Infomnatlon on the operation of each drive 
substantially demands that status and access information be delivered to at least the 

20 front panel of the subsystem. While the most reliable method for providing such 
infomnation to the user is by integrating LEDs or other display devices into the printed 
drcuit board on which the RAID controller is mounted, implementing such a design 
also imposes the limitation that the end user may also be able to touch at least an 
edge of that printed drcuit board. This results in the requirement that the controller 

25 board be protected from significant amounts of electrostatic discharge, or ESD. in frie 
event the end-user does not take adequate precautions while accessing the interior 
of the subsystem. 

As noted previously, the controller of the present invention is subject to 
multiple design constraints not generally found within the prior art. Included in these 

30 are space limitations, in that the space available within the form factor for the 
controller board simply does not permit the use of conventional controller designs. 
Second, the thermal requirements imposed by the form factor reinforce that 
conventional controller designs are unacceptable as generating excessive heat 
Third, cost requirements make the use of multiple controllers undesirable. 

35 Asa result, a highly integrated RAID controller has been developed in which 
a single I/O channel is provided for use by the SCSI host functions and the drives 
included within the array, as well as for DMA functions. The single I/O channel is 
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time-multipexed to permit each drive to access the controiler for a prespedfted. finite 
period, and also to permit the SCSI host portion of the interface to access the 
controller for a similar prespedfied finite period. By the use of suitable clocking rates, 
the single-chip controller can thus attend to each of its required functions while at the 
5 same time managing the requisite DMA functions. In one embodiment, the engine 
of the controller may be implemented in an off-the-shelf field programmable gate 
array, or FPGA, although the design may also be implemented In an ASIC or other 
similar device. While the controller of the present invention is shown herein used 
with internal RAID subsystems, the design has applicatbn for both internal and 
10 external RAID subsystems and may also have application entirely outside the RAID 
environment. 

In addition, the array of the present invention permits hot-swapping of disk 
drives maintained within the array. Activation of a drive-specific switch accessible to 
the user causes the firmware of the system to power down the drive. The drive may 

15 then be removed and a replacement drive installed. The firmware then automatically 
isenses the installation of the new drive, and reapplies power as well as reconnecting 
data and control signals. The technique allows maintenance to be performed without 
down time or toss of data, suppresses power surges and provides protection from 
electrostatic discharges. 

20 These and other features of the present invention will be better appreciated 

from the following Detailed Description of the Invention, taken in conjunction with the 
attached Figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

Figure 1 shows In front three-quarter perspective view the RAID subsystem 
of the present invention with the top cover removed. 

Figure 2 shows in exploded front three-quarter perspective view the various - 
components of the subsystem of the present invention. 
30 Figure 3 shows in top plan view the RAID subsystem of the present invention 
with the top cover removed. 

Figure 4 shows a front elevational view of the RAID subsystem of the present 
invention with the front cover removed. 

Figure 5 shows a rear three-quarter perspective view of the subsystem of the 
35 present invention with the top cover removed. 

Figure 6 shows a rear elevational view of the subsystem of the present 
invention v^th the rear cover plate removed, and in particular shows the backplane. 
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Figure 7 shows in front elevational view the layout of the backplane of the 
present invention. 

Figure 8 shows in top three-quarter perspective view a single drive and 
associated mounting bi-acket with backplane interface board. 
5 Figure 9 shows in perspective view the drive mounting bracket of Figure 8, and 
in particular shows the ribbon cable interface between the drive and the bracket: 
Figure 1 QJH shows in layout form one side of the RAID controller board. 
Figure t©B shows in layout fonm the second side of the RAID controller board. 
Figure V shows in schematic block diagram form the RAID controller of the 
10 present invention including the RAID engine. 

Figure^WsRowj the internal configuration of the RAID engine of Figure y . 
Figure Id shows the timing of various operations of the RAID engine shown 

12. 

in Figure^, 

Figure « shows in schematic form the hot-swap capability of the RAID array. 

15 

DETAILED DESCRIPTION OF THE INVENTION 



Refenring generally to Figures 1 through 8. and particularly to Figures 1 and 
2, the RAID subsystem 10 of the present invention can be better appreciated. As will 

20 be appreciated better hereinafter, the top cover 12 of the subsystem has been 
removed in Figure 1 but Is evident in Figure 2. A plurality of conventional IDE 
compliant disk drives 15A, 15B and 1 5C (where IDE includes within its general scope 
EIDE and Ultra DMA drives), each of which also complies with the acc^ted 3.5" 
form factor, are mounted behind a front bezel 20 and within a case 25. The case 25 

25 cooperates with the bezel 20 to fit within the conventional 5.25" ^11 height form factor, 
which Is generally accepted as approximately 5.25" wide by 3.25" high, A latch 22A, 
formed integrally with the bezel 20 and mated to a receiver 22B in the case 25, 
cooperates with L-shaped posts (not shown) on the inside of the opposite end of the 
bezel which engage the inside of the case 25 to permit the bezel to be unlatched, 

30 swung out and removed for maintenance. The length of the fomri factor is less tightly 
controlled but is generally on the order of eight to ten inches. An internal top plate 
30 and internal side wall 35 are rigidly affixed to the case 25 to define a first cavity 
40 suitable for mounting the 3.5" drives 15A-C, The top plate 30 and side wall 35 
also enclose a second, long, narrow cavity 45 to the left of the first cavity 40. the use 

35 of which is discussed in greater detail hereinbelow. 

Each drive 15A-C is mounted within a U-shaped drive bracket 50 (best seen 
in Figures 8 and 9 and described in detail in connection therewith) which comprises 
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a pair of rails 55A-B and a drive extension board 60. A mounting mechanism 65 is 
mounted on the rails 55A-B, which mechanism is better described in U.S. Patent 
Application S.N. 08/931 .766. filed on 9/16/97 and entitled Disk Drive Latch, referred 
to hereinabove and incorporated herein by reference. The rails 55A^ slldably fit 
5 within grooves 70 in matching mounting plates 75A-B (best seen in Rgures 2 and 4), 
which are affixed to the interior of the right sidewall 80 of the case 25 and the right 
face of the Internal sidewall 35, 

Positioned behind the drive extension boards 60 associated with each of the 
drives 15A-C is a backplane 85, described hereinafter in connection with Figures 6 

10 and 7. The backplane 85 includes a plurality of connectors 90 (shown particularly in 
Figure 2 and Figure 7) to mate with a matching connector 90A on each of the drive 
extension boards, and also includes a connector 95 (best seen in Figures 6 & 7) for 
mounting to a RAID controller printed circuit board 100 mounted within the cavity 45 
down the left side of the case 25. A rear cover plate 105 is affixed to the rear of the 

1 5 case 25 to enclose the backplane 85 and the back edge of the RAID controller board 
100, and supports a fan 110. The rear cover plate 105 is spaced behind the 
backplane 85 to form a plenum chamber 115 to permit thq fan to cool efRdently the 
RAID controller board 100 and the drives 15A-C in the tight spacing imposed by the 
case 25. Other details of the various elements mentioned above will be described 

20 in connection wFth other Figures. 

Still referring generally to Figures 1-8 and with reference particularly to 
Figure 3, the arrangement of the disk drives 15A-C and their connection to the 
backplane 85 can be better appreciated. The drives 15A-C (only drive 15A is shpwn 
in Figure 3) are latched into the case 25 by virtue of latching mechanism 65. which 

25 urges the connector QOA affixed to the drive extension board 60 into mating contact 
with the connector 90 on the backplane 85. It will be appreciated that the drive 
extension board 60 is spaced somewhat behind the drive 15A to permit, among other 
things, variations in the length of the drives 15A-C and also to provide an airflow 
chamber. Likewise, the spacing of the connectors 90 and 90A creates an airflow 

30 chamber 150 between the drive extension board 60 and the backplane 85, The drive 
15A can be seen to be connected lo the drive extension board by a flexible ribbon 
cable 60A. visible here but better seen in Figure 9. The ribbon cable 60A connects 
to the IDE connector included with the drive 15A, and allows for slight variations in 
the location of the connector on different types of drives, 

35 The backplane 85 is affixed to the case 25 by virtue of an upper and lower pair 
of mounting brackets 155 (at the left) and another pair 160. The mounting brackets 
155. which are, In an exemplary embodiment, integrally formed with the internal side 
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wall 35. may be seen to be double bent. Mounting brackets 160 may be seen to be 
affixed to the sidewall 80. While not necessary in many cases, the additional 
resiliency offered by the double bend in mounting bracket 155 aids In absorbing the 
deflection forces Imposed on the drive and the backplane by the insertion and 
5 removal process. In addition, the resiliency of the mounting brackets and the 
backplane, as well as the ribbon cable 60A, are believed helpful in Isolating the drives 
from any vibration Imposed by the fan, the remaining drives or elsewhere in the 
system. The combination is.believed helpful in increasing the reliability of the system 
and extending the life of the drives. In at least some instances, the flexibility of the 

10 backplane 85 and the drive extension board 60, together with the ribbon cable 60A, 
will be sufficient to provide adequate resiliency and isolation. 

The plenum chamber 115 may also be appreciated from Figure 3, and can be 
seen to form a decompression space in front of the fan 110. The plenum chamber 
115 collects air drawn around the drives 15A-C through cavity 40 and collected in 

1 5 cavity 1 50 as well as air drawn past the RAID controller board 100 through cavity 45. 
The spacing between the backplane 85 and rear cover plate 105 can be adjusted as 
necessary to optimize the efficiency of the fan 1 10 in drawing air through the RAID 
array and maintaining the array within an acceptable themial range. 

For ease of manufacturing, the RAID controller board is slidably mounted 

20 wilhin the cavity 45. Two pairs of guides 165, which may be formed unttarily with the 
top wall 30 by being punched downward essentially to form a slot, position the top 
edge of the board 100 centrally within the cavity 45, in combination with a similar slot 
(not shown) fonmed in the bottom of the case 25. A similar guide 170 may also be 
provided at the front of the wall 30. 

25 Referring next to Rgure 4, the stacking arrangement of the drives 1 5ArC can 
be better appreciated as well as the airflow through the cavities 40 and 45. As with 
Figure 3, the top cover is not shown. The RAID controller board 100 can be seen 
to be centrally located in the cavity 45, permftting airflow past either side of the board 
100. In addition, the gaps between the mounting blocks 75A-B and the rails 70 can 

30 be seen to provide air passages past either side of the drives ISA-C within the cavity 
40. By properly sizing the fian 1 1 0 and plenum chamber 1 1 5 to match the airflow 
through the cavities 40 and 45, sufficient cooling is provided to the drives and to the 
RAID controller board to permit long-term continuous operation. It will be appreciated 
that additional drives may be included in the event thinner drives are used, with 

35 commensurate changes to the RAID controller discussed in connection with 
Figure 1 1 . 

In addition, a leaf spring 175 may be positioned at the front of the cavity 45 
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both to urge the board 100 into the proper position and also to provide a ground 
plane connection to the. board 100 for discharging any electrostatic charge which 
might be imposed on the board by the user during maintenance of the array. It will 
be appreciated that, unlike most subsystems within the computer system, the front 
5 edge of the RAID controller 1 00 will be accessible to the user from the front panel of 
the computer system simply by removing the bezel 20, As a result, a suitable path 
to ground for ESD purposes is appropriate, and can be provided by plating with a 
conductive material a portion of at least one side of the board 100 near its front edge 
and connecting that plating to the case through the leaf spring 165. The leaf spring 

10 is typically constructed of copper or other suitable spring material. Copper plating of 
such other materials may be desirable in at least some instances. The plating of the 
board 100 may best be seen in Figure 10A, where the plating is identified by 
reference numeral 285. 

Further shown in Figure 4 are a pair of LEDs 180A-B for each drive^ together 

15 with a pushbutton 1 85 for each drive. The LEDs 180A typically indicate status of the 
associated drive and may be multicolor LEDs which use dififerent colors to indicate 
different operational states. The LEDs 180B typically indicate activity oh the 
associated drive. The pushbuttons 

185 are used to signal the RAID controller that the user desires to disconnect the 
20 associated drive. By depressing the pushbutton 1 85, the RAID controller disconnects 
power and signal paths to the associated drive, allowing that drive to be safely 
removed while the ren^inder of the array continues to operate. Once the drive has 
been electrically disconnected from the array, the drive may be physically removed 
by virtue of latches 65, That drive or another equivalent drive may then be added 
25 back into the array by fastening latches 65. In an exemplary embodiment, insertion 
of the drive connector 90A into the backplane connector 90 causes the addition of 
the drive to be sensed by the an-ay; however, in some embodiments the array may 
be caused to sense the addition of the new drive by again pushing the associated 
pushbutton 165. 

30 - With reference next to Figures 5, the rear portion of the subsystem can be 
seen in a' top three-quarter perspective view, such that the cooling fan 110 and 
external connectors for connecting the subsystem to the host can be better 
appreciated. As discussed in connection with Figure 3, the cooling fan 110 is 
positioned centrally behind the backplane and spaced therefrom sufficiently to avoid 

35 unacceptably turbulent airflow through fan» which increases the amount of airflow 
past the drives and printed circuit boards and therefore optimizes the cooling effects 
of the fan. At the left of the fan 1 10 is positioned a nine-pin D-shell connector 200, 
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typically used to connect to a monitoring device such as the ArrayView product 
. offered by the assignee of the present invention or other suitable device for 
monitoring the status of the subsystem. Below the D-shell connector 200 is a 
conventional power connector 205. The D-shell connector 200 and the power 
5 connector 205 are, in the exemplary embodiment described herein, connected to the 
backplane 85 and extend through openings in the rear cover plate 105. At the right 
side of the fan is a high density connector 21 0 conforming to the single-ended Ultra- 
Wide SCSI standard, together with a suitable jumper block 21 5 for setting the ID of 
the unit, perfomiing various diagnostics, and other conventional functions. The 

10 connectors 210 and 21 5 are typically affixed to the RAID controlfer board 1 00, and 
extend through openings in the rear cover plate 105. The SCSI cxDnnector 210 
typically provides the interface to the host system, and the entire subsystem appears 
as a single SCSI device to the host adapter in the host system. In other 
embodiments, the subsystem may comply with different interface standards such that 

15 different connectors may be offered, including differential SCSI, wide SCSI, or some 
other interface. 

Reference is next made to Figure 6, which shows the array subsystem In rear 
elevational view with the rear cover plate (including the fan) removed and thus shows 
in detail the layout of the back of the backplane 85, and Figure 7, which shows in 

20 front elevational view the layout of the backplane 85. With particular reference to 
Figure 6, the connectors 200 and 205 can be seen to be integral with the backplane 
85, and the manner by v\/hich the dual connector 95 connects the backplane 85 to the 
RAID controller board 100 can also be seen. In addition, a variety of vents or cutouts 
225, both at the periphery and through the backplane 85. can be seen to exist in ttie 

25 backplane to improve airflow into the plenum chamber 115. The backplane is held 
in place by four screws (not shown) which pass through holes 230 and mount into the 
mating pairs of mounting brackets 155 and 160. Also mounted on the backplane 85 
is an alarm 235 which responds to signals from a variety of sensors which monitor 
array perfomiance, including for example one or more drive temperature sensors 

30 240, a fan sensor 245, and so on, which in the exempteiy embodiment shown herein 
may be mounted on the front of the backplane as shown in Figure 7. In addition, the 
connectors 90 shown on the front of the backplane are typically high cycle, low 
insertion force connectors which provide both a conventional IDE bus and power to 
the associated drive. The drive extension 60 then provides the appropriate 

35 mechanical interface to the drives, including conventional IDE connectors and 
conventional power connectors. Although the particular ordering of the drives 15A-C 
which plug into the connectors 90 is not critical, in the exemplary embodiment 
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described herein the drive associated with the top connector is typically assigned 
drive 0, the middle connector drive 1, and the bottom connector drive 2. 

Referring next to Figures 9 and 9. the manner by which a single drive 15A fits 
into a drive bracket 50 can be better understood. The drive bracket 50 comprises, 
5 as noied above in connection with Figures 1 and 2, a pair of rails 55A-B together wKh 
a drive extension board 60, The drive 15 is mechanically affixed to the bracket 50 
by means of conventional machine screws, and electrically connects to the bracket 
through the cable 60A and the connector 90A to the backplane connector 90, as well 
as through a conventbnaf Amphenol power connector 60B. The latch mechanisms 
10 65 may also be appreciated. . 



Refemng next to Figures 10^ and the layout of the RAID controller board 
100 may be seen. The RAID conlroller board 100 comprises a single double-sided 
printed circuit board, the schematic of which can be better appreciated from Figure 
a. discussed below. Viewed from the side shown in Figure 10*, which can be seen 

15 to be the outboard side, the connectors 210 and 215 may be seen at the far left. The 
RAID controller includes a RAID engine integrated circuit 2B0 (which may be either 
a Field-Programmable Gate An^y, an ASIC or other suitable implementation), to 
. perform the necessary queuing and DMA functions. The RAID engine 260 
communicates with cache memory 265 (Figure 'fiffi). a RISC CPU 270 for managing 

20 the operation of the RAID controller, its associated CPU memory 275 (both Figure 
and a SCSI processor 280 (Fig. 10|kr) for managing the host interface. The 
LEDs 180A-B and pushbuttons 185 can be seen to be connected to the RAID 
controller board at the forward edge (Figure while on the opposite side of the 
board the conductive ESD plating 285 (discussed generally in connection with Figure 

25 3) may be seen. The exemplary embodiment of the RAID controller board 100 
shown herein also includes a pair of connectors 275 for permitting the backplane 85 
to be connected into the board 100. A time of day/dale chip 290 may also be 
provided as well as various other sensors and logic which perform conventional 
functions as described in connection with Figure From the arrangement of the 

30 plating 285, it will be particularly appreciated from Figure 10$ that a user performing 
maintenance on the subsystem of the present invention is substantially prevented 
from damaging the RAID controller as the result of any electrostatic charge the user 
may carry when perfonning otherwise acceptable maintenance, because the plating 
285 is connected directly to the ground plane as discussed above. 

35 Referring next to Figures and i*7tRe^lectrical operation of the invention 

nriay be better understood. In general, the RAID subsystem appears to the host 
system as a single volume which externally complies with conventtohal SCSI 
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commands, but internalJy operates as a full RAID array. The RAID array operation 
Is controlled by the RAID controller, which in turn operates by using time-division 
multiplexing and separate 324)it DMA and CPU software process memory to allow 
for simultaneous non-oontending activities at the engine's peak rate. The DMA or 
5 cache memory 265, which may for example be four megabytes configured as 1x36 
memory, provides a single-cycle paged EDO pipeline with bandwidth on the order of 
160 MB/sec. The CPU memory 275, which may be configured in an exemplary 
embodiment as four megabytes configured as 1x32, provides a two-cycle paged 
EDO pipeline with 80 MB/sec bandwidth. 

10 The CPU 270. which may for ej^ample be an LSI LR33310-40 32-bit RISC 
processor operating at 40 MHz. cooperates with a FLASH ROM 300 v^ich stores an 
embedded RAID operating system. At the center of the architecture is the RAID 
integrated^circuit260. which may for example be an Altera Field Programmable Gate 
Arrai^^iSHquivatent or may be configiired as an ASIC, which provides command 

15 queues for each DMA I/O channel, manages the various data 170 queues, manages 
the bus activities on the key buses associated with it. and supports system peripheral 
functions. Five major buses are associated with the FPGA 260: a 40 MB/sec. 16-bit 
SCSI processor bus 305 (typically configured for Ultra-SCSI operation although other 
SCSI protocols can be supported); a 3.33 MB/sec 8-bit SCSI chip pipelined I/O bus 

20 310; a 16 MB/sec 16 bit IDE drive bus 315; a 160 MB/sec 36-bit disk cache memory 
(DCM) bus 320; and an 80 MB/sec 32-bit CPU bus 325. The FPGA 260 is 
configured to pemnit operation of alJ five buses in parallel, with the RAID engine 260 
operating at a sufficient speed to multiplex the access to the RAID engine 260 by the 
SCSI processor bus 305, the IDE bus 315. and the DCM bus 320 by allocating, within 

25 a defined cycle, one time slot for each of the SCSI processor bus 305 and the IDE 
bus 315, and two time slots for the DCM bus 320. In the exemplary embodiment 
discussed herein, a complete cycle may be on the order of 1 00 ns, with each of the 
four time slots allotted 25 ns. Because of the perfonmance of the RAID engine 260, 
the net subsystem throughput is primarily dependent on four factors: the 

30 perfonnance of the IDE drives, the RAID function overhead in the embedded 
operating system, the perfomiance of the user's host adapter, and the driver 
overhead of the user's host application. 

Still referring to Figure 4s(, the operation of the system is substantially as 
follows: On power-up, the system comes to a stable state by loading the operating 

35 system from the Flash ROM 300 into CPU memory 275 associated with the RISC 
processor 270 and initializing the remainder of the system to known states. At some 
point after initialization, a request either to read or to write will be received from the 
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host system 340 at the host SCSI bus 350, which may be terminated by a termination 
block 355 if appropriate. The request is then handled by the SCSI processor 280, 
which sends {he appropriate signals to the RAID Engine 260 over a pipelined 1/0 bus 
310 and receives back the appropriate confirmation sighal. The data is then made 
5 available by the host system over the SCSI DMA bus 305. At this point the Disk 
Cache Memory 265 is empty. If the request is to write information, the CPU 270 
instructs the RAID engine 260 to pass the data to the DCM 265, where it can be 
maintained in cache. Thereafter, during background processing, the data can be 
written to assigned disk(s) as appropriate (in accordance with the RAID striping be&ig 

10 used) by first having the data accessed by the RAID engine 260 over the bus 320 
and written out over the IDE bus 315 to ISO disk buffers 360A-C. The data is then 
written to the specific disks 1 5A-C . It will be appreciated that the bus 320 comprises, 
in the exemplary system described herein, ten address lines and 36 data lines. 
Likewise, the bus 325 comprises thirty-two address lines and thirty-two data lines, 

15 The process ends with a confirmation signal supplied from the RAID engine to the 
SCSI processor 280 and thence to the host 340. The timing of the various events 
will be discussed in greater detail in connection with FigureVWa^ Ik R^^^r^ i?. 

In a reSd^operation, the process is substantially similar, though somewhat 
reversed. The process begins by enabling the SCSI interface to be active, typically 

20 done at startup. The host then sends a confirmation/acknowledge signal and 
executes a set-up. fcllowed by sending a request for specified data over the PIO bus . 
310. The request is then detected by RAID engine 260, which passes it to the drives 
15. The data is returned from the drives to the RAID engine 260, where it is passed 
to the disk cache memory 265 for interim storage. At the appropriate time, the CPU 

25 270 causes the data to be read firom the DCM 265 via the bus 320 and passed 
through the engine 260 to the SCSI processor 280 over the data bus 305, The data 
is then passed from the SCSI processor 280 to the host over the bus 350. 

In addition to its data handling functions, the RAID engine also manages a 
nunfiber of peripheral housekeeping functions. Included among these are momtoring 

30 of the over-temperature detector 240 and the fan error detector 245, generating 
alarm signals (when appropriate) at the alarm 235. The time-of-day/date clock 290 
is also monitored, for which power is supplied by a battery or other power source 365 
when the system is off. Hardware sense lines 370 can be monitored by means of 
status registers 375. Power surge control for the drives can be monitored at buffer 

35 380. Monitoring of the subsystem is also provided over a duart 385. Typical 
monitoring is performed over RS232 l(nks^390 for both monitoring and maintenance. 
Referring next to Figures wTthe details of the operation of ttie RAID 
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engine 260 can be better appreciated, Including the timing by which the signals on 
the various buses are multiplexed by the RAID engine. As with the prior figures, like 
elements have been assigned like reference numerals from Figure 1^. . 

As before, when the host system is turned on. the RAID subsystem 10 
5 initializes and the RISC CPU 270 generates a series of enabling factors as 
established by the software maintained in the FU^SH ROM 300. The enabling 
factors place the IDE drives in known states and also place the SCSI processor 280 
in an active and enabled state, including notifying the host system 340. The host 
system confirms and acknowledges the notification fram the SCSI processor. In 

10 addition, the enabling factors place the RAID engine 260 in a known state, and in 
particular initialize a 40 MHz I/O Command Queue Processor 390 which is internal 
to the RAID engine 260. '''^^^-'^ -^"^ ^^...^u^ a^.^t*.<^ ,t '^r-tf ^f^- ^ 
After initialization, the host system sends data to be written to the dnves 1 5A- 
C, as before. The information, which comprises header information and data, is 

1 5 supplied to the SCSI processor 280 over the bus 350. After processing by the SCSI 
processor 280. the head«- infonnation is supplied to the RAID engine 260, indicated 
by the dashed line in Figure 1*, over the eight-bit programmable I/O bus 310. The 
header information is supplied to the RAID engine 260 through a SCSI PIO 400, 
which has a data path in 405 and a data path out 410. The data path in 400 links to 

20 a one side of a mux 415, which in turn feeds, indirectly, the input to the I/O command 
queue processor 390. The I/O command queue processor 390 is a frame-based 
script processor and supplies half-word commands, row address commands and 
column address commands to a register 395 via a 16-bit bus. The register 395 can 
also receive addresses from the RISC processor 270; the processor 270 can also 

25 supply addresses to the DCM 265 via a 10-bit branch 397 of the bus 325. fed through 
a mux buffer 399. The output of the register 395 can be supplied via a multiplexed 
10-bit bus (addressing one megabyte of address space) to the DCM 265 through a 
pipeline register 401 and buffer 403. The output of the register 395 provides, 
indirectly^ the data-path-out refered to elsewhere in connection with the RAID engine 

30 260, including the second input to the mux 41 5. 

Concurrently with the header information supplied from the SCSI processor 
280 to the SCSI PIO 400 on the bus 310, the data from the SCSI processor 280 is 
supplied to the RAID engine 260 via a sixteen-bit DMA bus 305. In particular, the 
data is fed to a 1B-bit-to-32-bit funnel 420. operating at 40 MHz, because the RAID 

35 engine 260 operates internally at 32-bft width. The data is supplied to one side of a 
funnel mux 425 and then to one side of a I/O queue mux 430. The output of the 
queue mux 430 is supplied to a frame-based I/O queue 435, operating at 40 MHz 



(34) 



1-2 82 63 6 



EXPRESS MAILING LABEL EM3037147B6US 1 5 

and configured at 256 x 32 to provide 160 MB/sec throughput. Other inputs to the 

' I/O queue 435 include various IDE pointers 440. SCSI pointers 445 and DCM 
. pointers 450, The data is clocked through to the output of the I/O queue 435 and 
supplied to a first pipelined output register 455, and then to one side of a DCM mux 
5 460, The output of the mux 460 Is provided to a second pipelined output register 
465, through a buffer 470 and then out of the RAID engine 260 to the DCM 265, 

The data is stored in the DCM 265 until appropriate for writing to appropriate 
ones of the disks 15A-C, typically determined by the RAID operating system 
according to conventional algorithms. At that time, the I/O command queue 390 

10 issues a command to write the data to the disk drives. The data is supplied by the 
DCM 255 to a buffer 475 and then to a pipelined input register 480. The data is then 
provided to a second input register 485 as well as one side of a processor input mux 
490. To write to the drives, the data is fed through the register 485 to the other side 
of the mux 430, and then to the I/O queue 435. 

15 The data out of the I/O queue 435 is provided to the SCSI 1^ funriel 420, but 

is also provided to a disk I/O funnel 500. The disk I/O funnel 500 reconverts outgoing 
data from a 32-bit data width to a 16-bit data width for communication with the disk 
drives 1 5. The remainder of the cornmunication to the disk drives is as described in 
connection with Figure 1*. 

20 Retrieving data from the RAID subsystem is the other operation typically 

required of the RAID subsystem 10 by the host system 340, Retrieving data is 
initiated from the host system 340. which again supplies the host's request to the 
RAID engine 260 via the PIG bus 310. the SCSI PIO 400, and then the data-path-in 
405 to the I/O command processor 390 through the mux 415. The I/O command 

25 processor 390 then supplies the appropriate RAC/CAC addresses via the register 
395 to cause the data to be retrieved. 

The appropriate addresses for the data desired by the host system are 
suppl ied to the DCM 265. If the data is maintained in the DCM 265, it is supplied via 
the registers 480 and 485 to the mux 430 and then to the I/O queue 435. From the 

30 I/O queue 435 the data is supplied to the SCSI I/O funnel 420 where the outgoing 
data is converted to 16-bit width. The data is then supplied on the DMA bus 305 to 
the SCSI processor 280. and finally out to the host 340 over the bus 350. 

However, if the data requested by the host is not currently maintained in the 
cache 265. the data must be requested from the disks. In this instance, the 

35 addresses for the requested data are supplied via the registers 480. 485 and mux 
430 to the I/O queue 435. The output of the 1/0 queue 435 is then supplied to the 
disk I/O funnel 500 and out to the drives 15A-C. The data is then retrieved from the 
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drives after the required latency, after which the data incoming from the drive is 
converted from 16-bit width to 32-bit width in the disk funnel 500. The output of the 
funnel 500 data is then supplied to the second side of the mux 425, and from there 
to the I/O queue 435 through the second mux 430. 
5 The output of the I/O queue 435 is then fed through the I/O funnel 420 in the 
same manner as described above for outgoing data, with the result that the data is 
supplied to the host system in the conventional manner For implementations based 
on a field programmable gate array (FPGA), an FPGA boot ROM 492 may be 
provided to personalize the FPGA upon power-up. In ASIC or other gate array 

10 implementations, such a boot ROM is not necessary. Likewise, the RAID OS is 
loaded into CPU memory 275 upon power-up, and ail software control is derived from 
the instructions stored in the CPU memory. 

A key feature of the operation of the present invention is that a single RAID 
engine 260 is able to manage the multiple DMA queues necessary to communicate 

15 with the SCSI processor, the disks, and the processor 270. Hiis objective is 
achieved by time multiplexing the key buses which provide data to the RAID engine 
260. This is possible because the I/O queue operates at an effective rate of 160 
MB/sec, compared to the other devices which operate at no more than 40 MB/sec. 
This allows the RAID engine to allocate approximately one fourth of its time to each 

20 of the SCSI processor arid disk drives, and to allocate approximately one-half its time 
to DMA addressing. Shown as Figure ^is a timing diagram which provides the 
phased accessing necessary to provide the time division multiplexing important to 
some aspects of a presently preferred embodiment of the invention. 

In particular, the 40 MHz ctack of the I/O queue 435 and script processor 390 

25 is shown at 600, while the SCSI Phase for access to the RAID engine is shown at 
605. The IDE phase is shown at 610, while the DCM phase is shown at 61 5. In an 
additional feature, in the event that a cycle occurs when no access is requested from 
the IDE drives, the phase Is reassigned for use by the DCM. Similarly, for those 
cycles in which the SCSI processor requires no 1/0 access the phase allocated for 

30 the SCSI processor is reassigned to the DCM. It will thus be appreciated that 
extremely high throughputs can be achieved with the present design. 

Referrring next to Figure ¥^ the hot-swapping arrangement of the present 
invention - by which one qr more drives may be removed while the remainder of the 
array continues to operate — may be better understood. In particular, in the event 

35 the user desires to remove one of the drives 1 5A-C, for example due to the failure 
of a drive, the user actuates pushbutton switch 185 associated with the drive to be 
removed. This signals the CPU 270, which operates under software control to signal 
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the FPGA control logic to power down both the 12 volt and 5 volt supplies 700 and 
705, respectively, of the associated drive. In addition, the data path 710 and control 
path 715 are caused by the processor to be electrically disconnected from the 
remainder of the subsystem. At this point, the user can readily undo the latches 65 
5 and remove the necessary drive. 

To reinstall the drive, the user sinnply reverses the mechanical portion of the 
process by inserting the drive into the drive bay and latching the latches 65. A 
bistable latch senses the reinsertion of the drive, and signals the CPU 270 to reapply 
both power and signal connections to the newly-installed drive. In this manner the 

10 old drive may be removed and the new drive installed. 

It can therefore be appreciated that a new and noyel system for a RAID array 
subsystem and highly integrated controller has been described. It will be appreciated 
by those skilled In the art that, given the teachings herein, numerous alternatives and 
equivalents will be seen to exist which incorporate the invention disclosed hereby: 

15 As a result, the invention is not to be limited by the foregoing exemplary 
embodiments, but only by the following claims. 
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WE CLAIM: 

1 . A mass storage, array subsystem comprising 

a first longitudinal cavity for housing a mass storage controller which includes 
a SCSI interface to a host sytem and an IDE interface to internal mass storage 
devices, 

a second cavity for housing a plurality o f IDE drivies capable of communicating 
with the host system such that the longitudinal axis of the first cavity is parallel to the 
longitudinal axis of the secorid cavity, 

a backplane having vents therethrough and adapted to connect to each of the 
IDE drives housed within the second cavity, and 

a plenum chamber formed by the backplane and the case to provide efficient 
airflow through the first and second cavities. 
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Abstract 



ABSTRACT OF THE INVENTION 

The present invention provides a metiiod and apparatus for a mass storage 
subsystem such as a RAID array. The invention includes a housing which defines 
first and second cavities with the first cavity housing an array controller such as a 
RAID controller. The second cavity houses a plurality of substantially conventional 
IDE drives conforming to the 3.5" form factor. The array is configured to maximize 
cooling of the array controller and the drives within the extremely small space defined 
by the housing. 

Eepresentative Draflng 



